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1
METHOD FOR OPERATING A
TRANSMISSION DEVICE

FIELD OF INVENTION

The invention relates generally to a method for operating a
transmission device.

BACKGROUND

A method for operating a transmission device, in particular
a nine-speed transmission, is known from the unpublished
DE 10 2013 202 707.9 or the unpublished DE 10 2013 202
708.7 of the applicant, for which, through a sensor device
upstream of a throttle device, which is connected to a trans-
mission area essentially featuring ambient pressure, a value
of a pressure signal corresponding to the operating pressure
of a positive-locking shifting element of the transmission
device can be determined. Upon exceeding a threshold value
of the pressure signal, currently in the area of the positive-
locking shifting element, a change in operating state is deter-
mined, and, upon falling short of an additional threshold
value of the pressure signal, the reaching of the requested
operating state is established.

The sensor device is designed as a so-called “absolute
pressure sensor,” through which the absolute value of the
pressure signal can be determined, which value arises as a
measured value from the sum of the existing ambient pressure
and the relative amount of pressure resulting from the oper-
ating pressure applied at the positive-locking shifting ele-
ment. Thereby, the relative amount of pressure is nearly con-
stant during a change in operating state of the positive-
locking shifting element, while the ambient pressure varies,
depending on the operating state, due to the weather and
depending on the current altitude currently traveled on by a
vehicle designed with the transmission device. For this rea-
son, the start of the change in operating state determined by
the threshold value varies in the area of the positive-locking
shifting element and the established point in time at which the
positive-locking shifting element reaches the requested oper-
ating state. Therefore, depending on this, the functions of a
transmission device that are carried out are initiated too late or
too early, which, during unfavorable operating state curves,
can adversely affect driving comfort.

As such, this invention is directed to a method that is able
to be carried out with a low degree of control and adjusting
effort for operating a transmission device, in particular a
nine-speed transmission, with which a high degree of driving
comfort is possible.

SUMMARY OF THE INVENTION

With the method in accordance with an exemplary embodi-
ment of the invention for operating a transmission device, in
particular a nine-speed transmission, which is transferable
into different operating states through the actuation of shift-
ing elements, whereas at least one of the shifting elements is
designed as a positive-locking shifting element, which is
supplied with operating pressure for presenting a defined
operating state of the transmission device and is thereby
transferred from a closed into an open operating state, or from
an open into a closed operating state, whereas, through a
sensor device upstream of a throttle device, which is con-
nected to a transmission area essentially featuring ambient
pressure, a value of a pressure signal corresponding to the
operating pressure can be determined, upon exceeding a
threshold value of the pressure signal, currently in the area of
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2
the positive-locking shifting element, a change in operating
state is determined, and, upon falling short of an additional
threshold value of the pressure signal, the reaching of the
requested operating state is established.

Inaccordance with an exemplary embodiment of the inven-
tion, in a non-actuated operating state of the positive-locking
shifting element, the pressure in the transmission area is
established by the sensor device and, upon the presence of a
request for a change in operating state in the area of the
positive-locking shifting element, the threshold valve and the
additional threshold value are determined from the sum of the
pressure calculated in the transmission area prior to the pres-
ence of the request for the change in operating state and a
pressure offset value.

Thus, the determination of whether a change in operating
state is currently taking place in the area of the positive-
locking shifting element and whether the positive-locking
shifting element has reached the requested change in operat-
ing state is carried out depending on the currently existing
ambient pressure, and a vehicle designed with a transmission
device operating in accordance with an exemplar embodi-
ment of the invention is operable in a simple manner with a
high degree of driving comfort. The determination of whether
a change in operating state in the area of the positive-locking
shifting element is currently being carried out, and when or if
the requested change in operating state is reached, is carried
out by the approach in accordance with an exemplary
embodiment of the invention depending on the currently
existing ambient pressure, by which both the start of a change
in operating state and the reaching of the requested change in
operating state can be established more accurately when com-
pared to previously applied approaches. Each additional actu-
ating process carried out depending on this in the area of the
transmission device and the vehicle can be operated to an
extent necessary to achieve a high level of driving comfort.

Operating states with an undersupply in the area of a
hydraulic control unit of a transmission device, for example,
can also be avoided, with little effort, through an accurate
knowledge of a current change in operating state taking place
in the area of the positive-locking shifting element, which
change is realized by means of a volume flow of hydraulic
fluid provided by the transmission control unit, if, during such
an operating phase of the transmission device, additional
hydraulic consumers are provided or supplied only with a
volume flow of hydraulic fluid that is adjusted to this or
preferably reduced.

Ifthe pressure offset values provided for the determination
of the threshold values deviate from one another, hydraulic
delays or flow resistances that deviate from each other (for
example) may be taken into account in a simple manner in a
line system of a hydraulic system of a transmission device
supplying the positive-locking shifting element with operat-
ing pressure.

Ifthe pressure offset values provided for the determination
of'the threshold values correlate with one another, the method
in accordance with an exemplary embodiment of the inven-
tion can be carried out with little effort.

With an advantageous variation of the method in accor-
dance with an exemplary embodiment of the invention, the
pressure in the transmission area is determined in a non-
actuated operating state of the positive-locking shifting ele-
ment after the expiration of a period of time in the area of the
sensor device that starts at a point in time at which the reach-
ing of the requested operating state is established. This
ensures in a simple manner that the determination of the
pressure in the area of the sensor unit upstream of the throttle
device is established during an essentially constant operating
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state curve of a hydraulic system supplying the positive-
locking shifting element with operating pressure. The pres-
sure in the transmission area determined by the sensor device
is then essentially identical to the currently existing ambient
pressure of the transmission device, since there is no influ-
ence on the measurement result by additional control and
adjustment processes that take place in the area of the trans-
mission device and take place depending on the hydraulic
pressure supply.

The pressure in the transmission area is determined in the
area of the sensor device in a non-actuated operating state of
the positive-locking shifting element for the avoidance of
unwanted distortions in the measuring signal of the sensor
device, preferably upon the presence of an operating state of
the transmission device, at which the pressure in the trans-
mission area is essentially not affected by the presentation of
the current operating state of the transmission device.

If the pressure offset values vary depending on at least one
operating dimension of the transmission device, the determi-
nation of whether a change in operating state is currently
taking place in the area of the positive-locking shifting ele-
ment and whether the requested operating state has been
reached in the area of the positive-locking shifting element
can be carried out depending on the existing operating state
with little effort.

With an additional advantageous variant, in a simple man-
ner, the determination of whether a change in operating state
has taken place in the area of the positive-locking shifting
element and whether the positive-locking shifting element
has reached the requested operating state is then carried out in
a manner adjusted to the existing operating state of a trans-
mission device, if the pressure offset values change depend-
ing on the transmission temperature and/or the system pres-
sure of a hydraulic actuating system of the transmission
device.

With an additional advantageous variant of the method in
accordance with the an exemplary embodiment of invention,
in particular after a restart of the transmission device upon the
presence of arequest for a change in operating state in the area
of the shifting element, the pressure offset values are multi-
plied by a factor less than one, and are used to determine
whether a change in operating state of the shifting element has
taken place and has been completed. In a simple manner, this
ensures that, in the hydraulic system, for example after long
downtimes of a vehicle, existing air pockets that cause varia-
tions in the curve of the pressure signal dependent on the
operating pressure do not cause faulty determinations of the
current operating state of a positive-locking shifting element
to be actuated.

If the factor originating from a start value of less than one
gradually is raised by one value with each change in operating
state of the positive-locking shifting element and/or addi-
tional shifting elements of the transmission device the option
exists of, in a simple manner, determining and monitoring the
current change in operating state in the area of the positive-
locking shifting element and the reaching of a requested
change in operating state with reduced pressure offset values
until any air pockets from a hydraulic actuating system of a
transmission device allocated to the positive-locking shifting
element system are pumped out or exposed.

With an additional advantageous variant of the method in
accordance with the an exemplary embodiment of invention,
the factor is raised up to a value equal to one, by which
impairments to the actuation of the positive-locking shifting
element that might arise through air pockets can be avoided,
and the monitoring of the positive-locking shifting element
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can be carried out according to defined, specifiable actuating
cycles of the positive-locking shifting element, once again in
normal operating mode.

In order to be able to take into account events, such as those
after downtimes of varying lengths or after an oil change of
the transmission, causing accumulations of air of varying
sizes in the area of the hydraulic actuating system of the
transmission device, the number of changes in operating
states of the positive-locking shifting element and/or addi-
tional shifting elements of the transmission device originat-
ing from the start value of the factor less than one varies until
reaching the value of the factor equal to one.

Both the characteristics specified in the claims and the
characteristics specified in the subsequent embodiments of
the object in accordance with the invention are, by themselves
alone or in any combination with one another, suitable for
providing additional forms of the object in accordance with
the invention. In terms of the additional forms of the object in
accordance with the invention, the particular combinations of
characteristics do not represent a limitation; rather, they are
essentially solely of an exemplary nature.

Additional advantages and advantageous embodiments of
the invention arise from the claims and the embodiment
described with reference to the drawing in terms of principle.

BRIEF DESCRIPTION OF THE DRAWINGS

The following is shown:

FIG. 1 a wheel set diagram of a transmission device;

FIG. 2 a shifting logic in tabular form of the transmission
device shown in FIG. 1;

FIG. 3 a hydraulic diagram of a part of a hydraulic system
of the transmission device in accordance with FIG. 1;

FIG. 4 a curve of a drive current of an electro-hydraulic
pressure controller and a pressure signal through the time t
corresponding to the operating pressure of a positive-locking
shifting element of the transmission device in accordance
with FIG. 1 and operating states, in each case corresponding
to the two curves, of the positive-locking shifting element
assigned to the electro-hydraulic pressure controller;

FIG. 5 a curve of the pressure signal and a curve of a
factorized threshold value through the time t after a restart of
a vehicle designed with the transmission device, whereas the
curves are adjusted during an advantageous variation of the
method in accordance with an exemplary embodiment of the
invention; and

FIG. 6 shows a real curve of the sensor pressure p_sens
through the time t after a restart of a vehicle designed with the
transmission device after an accompanying renewed hydrau-
lic supply of the hydraulic actuating system.

DETAILED DESCRIPTION

Reference will now be made to embodiments of the inven-
tion, one of more examples of which are shown in the draw-
ings. Each embodiment is provided by way of explanation of
the invention, and not as a limitation of the invention. For
example, features illustrated or described as part of one
embodiment can be combined with another embodiment to
yield still another embodiment. It is intended that the present
invention include these and other modifications and varia-
tions to the embodiments described herein.

FIG. 1 shows a wheel diagram of a transmission device 1 or
a nine-speed transmission, which is generally known from
DE 102008 000429 A1. The transmission device 1 comprises
atransmission input shaft 2 and a transmission output shaft 3,
which, in a state installed in a vehicle, is connected to an



US 9,347,552 B2

5

output of the vehicle, while the transmission input shaft 2 is in
operative connection to a drive unit 27 through a hydrody-
namic turning moment converter 4 and a torque converter
lock-up clutch 5 assigned to the turning moment converter 4.

In addition, the transmission device 1 comprises four plan-
etary gear sets P1 to P4, whereas the first and the second
planetary gear sets P1, P2, which are preferably designed as
minus gear sets, form a shiftable reduction gear set, while the
third and the fourth planetary gear sets P3 and P4 represent
the main wheel set. In addition, the transmission device 1
comprises six shifting elements A to F, whereof the elements
C, D, and F are designed as brakes, and the shifting elements
A, B and E are designed as shifting clutches.

With the shifting elements A to F, in accordance with the
shifting logic shown in more detail in FIG. 2, a selective
shifting of nine forward gears D1 to D9 and one reverse gear
R is feasible, whereas, for the production of a power flow in
the transmission device 1, essentially simultaneously, three
shifting elements are led to or held in a closed operating state.

The shifting elements A and F are designed as positive-
locking shifting elements without additional synchroniza-
tion, in order to, in the operation of the transmission device 1,
compared to transmission devices designed with only fric-
tional-locking shifting elements, reduce drag torques caused
by open frictional-locking shifting elements. Since, as a gen-
eral rule, positive-locking shifting elements are transferable
from an open operating state into a closed operating state only
within a very narrow differential speed range around the
synchronous speed, the synchronization of a positive-locking
shifting element to be switched on is realized, without addi-
tional structural designs, through the corresponding actuation
of the shifting elements participating in the gearshift. This
applies to both traction gearshifts and to thrust gearshifts,
whereas the positive-locking shifting elements can be
designed as claw couplings, which are formed with or without
additional synchronization.

FIG. 3 shows a hydraulic diagram of a part of a hydraulic
actuating system 1A of the transmission device 1, through
which, among other things, each of the two positive-locking
shifting elements A and F is able to be supplied with operating
pressure, and through which an operating state of two bidi-
rectionally actuated positioning devices 2A, 3A of the shift-
ing elements (in this case, designed as claw shifting elements)
can be determined. Each of the positioning devices 2A, 3A is
able to be supplied with hydraulic pressure in the area of the
effective surfaces 6, 7, or 8, 9, as the case may be, of a piston
element 10, 11.

Upon the application of a hydraulic pressure p_sys of a
high-pressure area 34 in the area of a first effective surface 6
or 8 at the piston element 10 or 11, a force component acting
in the direction of a first end position of the piston element 10
or 11 is engaged. If, by contrast, the hydraulic pressure p_sys
of the high-pressure area 34 applies at the second effective
surface 7 or 9 of the piston element 10 or 11, a force compo-
nent acting on the piston element 10 or 11 or acting in the
direction of a second end position of the piston element 10 or
11 is engaged.

Areas 12, 13, or 14, 15, as the case may be, or piston
chambers, which can be supplied with the hydraulic pressure
p_sys of the high-pressure area 34 and are assigned to the
effective surfaces 6,7, or 8, 9, as the case may be, of the piston
elements 10 or 11, are connected to each other in positions of
the piston elements 10, 11 between their end positions, in
each case by a throttle device 16 or 17. In addition, one of the
areas 12 or 13, or 14 or 15, as the case may be, for the
adjustment of a piston element 10 or 11, can be coupled to the
high-pressure area 34, and the other area 13 or 12, or 15 or 14,
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as the case may be, can be coupled to a transmission area 18
or a low-pressure area essentially featuring ambient pressure.
For this purpose, two valve devices 19, 20 are provided, in the
areas of which the piston chambers 12, 13, or 14, 15, as the
case may be, can be coupled to either the high-pressure area
34 or the low-pressure area 18.

An additional throttle device 21 is provided upstream of the
low-pressure area 18 and downstream of valve devices 19, 20,
and a pressure measuring device 22 is provided in turn
upstream of the additional throttle device 21 and downstream
of the valve devices 19 and 20. The valve devices 19 and 20,
in this case designed as 4/2 directional valves, can be supplied
with a control pressure p_VS23, p_VS24, provided from the
high-pressure area 34, through an electro-hydraulic actuator,
in this case designed as a solenoid valve, against a spring
device 25 or 26, in order to supply the positioning devices 2A,
3A, in accordance with the request, in the area of the piston
chambers 12 and 13 or in the area of the piston chambers 14
and 15, as the case may be, with the hydraulic pressure p_sys
of the high-pressure area 34, or to connect them to the low-
pressure area 18.

Due to the fact that a single pressure measuring device 22
is provided for monitoring the position of the two piston
elements 10 and 11, gates 35, 36 are provided between the
valve devices 19 and 20 and a pressure limiting valve 33;
these gates exclude any mutual effect of the actuating pistons
10 and 11 in the event of actuation.

Through the pressure measuring device 22, which com-
prises a simple pressure sensor or a pressure switch, an end
position sensing of the positions ofthe piston elements 10, 11,
or the operating states of the positive-locking shifting ele-
ments A and F corresponding with this, can be carried out. In
addition, position sensing is ideally provided in the area of the
hydraulic control unit, whereas all end positions of the piston
elements 10 and 11 can be established by means of a single
absolute pressure sensor in the manner described in greater
detail below.

Between the two end positions of the piston elements 10
and 11, the piston chambers 12 and 13, or 14 and 15, as the
case may be, are connected to each other through the throttle
devices 16 and 17, depending on their position. The throttle
devices 16 and 17 or the connections between the piston
chambers 12 and 13, or 14 and 15, as the case may be, in the
area of throttle devices 16 and 17, are then released by the
piston elements 10 and 11 if'the piston elements 10 and 11 are
not in their end positions.

Thereby, through the throttle devices 16 and 17 in positions
of'the piston elements 10 and 11 between their end positions,
a volume flow of hydraulic fluid originating from the piston
chamber 12 or 13, or 14 or 15, as the case may be, which is
connected to the high-pressure area 34 by the valve device 19
or 20, is led in the direction of the piston chamber 13 or 12, or
15 or 14, as the case may be, which is coupled to the low-
pressure area 18, which in the present case is the transmission
sump of the transmission device.

In the area of an additional throttle device presenting a
stagnation gate, depending on the throttle cross-section of the
additional throttle device 21, depending on the leakage flow
streaming from the piston chamber 12 or 13, or 14 or 15, as the
case may be, in the direction of the low-pressure arca 18, a
stagnation pressure p_sens builds up, which is calculated by
measuring devices in the area of the pressure measuring
device 22.

The response pressure p_DBV of the pressure limiting
valve 33, which is arranged downstream of the valve devices
19 and 20 and upstream of the additional throttle device 21,
lies above a predefined threshold value of the pressure mea-
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suring device 22, from which a malfunction in the area of the
positioning device 2A or 3A is detected by the pressure mea-
suring device 22. Based on the arrangement of the pressure
limiting valve 33 upstream of the additional throttle device
21, during the actuation of the piston element 10 or 11, the
pressure downstream of the valve devices 19 and 20 and
upstream of the additional throttle device 21 increases at least
to the response pressure p_DBYV of the pressure limiting valve
33. After reaching the end position of the piston element 10 or
11, the volume flow of leakage in the area of the throttle
device 16 or 17 is interrupted by the piston element 10 or 11
in the described manner, by which the hydraulic pressure
p_sens upstream of the additional throttle device 21 can no
longer reach the pressure level of the response pressure
p_DBYV of the pressure limiting valve 33. This results from
the fact that the hydraulic system upstream of the valve
devices 19 and 20 is vented through the additional throttle
device 21 in the direction of the low-pressure area 18.

If the piston element 10 does not reach the desired end
position, the volume flow of leakage remains large through
the throttle device 16, and, in the area of the stagnation gate
21, leads to a pressure increase, until the pressure limiting
valve 33 responds and is limited to the pressure p_sens in the
system. Thereby, the pressure p_sens in the tank line featuring
the additional throttle device 21 increases to a level that, in the
area of the pressure measuring device 22, exceeds the pre-
defined pressure threshold value, and the electronic transmis-
sion control unit is supplied with a signal that corresponds to
a faulty piston position.

FIG. 4 shows a curve of actuating current i23 or 124 of the
electro-hydraulic actuator 23 or 24 and a curve of the pressure
p_sens through the time t. In addition, the positioning device
2A or 3A is shown in different operating states, which corre-
spond to the curve of the actuating current 123 and 124 and the
curve of the pressure signal p_sens that can be calculated in
the area of the pressure measuring device.

Up to a point in time T1, the curve of the actuating current
123 and 124 of the electro-hydraulic actuator 23 or 24 features
an essentially constant curve, at which the positioning device
2A or3A is found in a first operating state, at which the piston
element 10 or 11 is held by the applied actuating pressure in
its first end position, in which the throttle device 16 or 17 is
closed. Based on the closed operating state of the throttle
device 16 or 17, no pressure is led from the positioning device
2A or 3A through the shifting element 19 or 20 in the direc-
tion of the additional throttle device 21 and thus of the low-
pressure area 18 and pressure measuring device 22. As a
result, pressure prevailing in the area of the pressure measur-
ing device 22, essentially in the low-pressure area, which
essentially corresponds to the ambient pressure of the trans-
mission device 1, is calculated. At the point in time T1, a
request is issued for a change in operating state in the area of
the shifting element A or F, in order to transfer the positive-
locking shifting element A and F from an open operating state
to a closed operating state, or from a closed operating state to
an open operating state. This depends on whether the open
operating state or the closed operating state of the positive-
locking shifting element A or F corresponds to the operating
state of the positioning device 2A or 3A represented prior to
the point in time T1.

The following description is based on the assumption that
the first end position of the piston element 10 or 11 existing
prior to the point in time T1 corresponds to a closed operating
state of the positive-locking shifting element A or F, and the
request for a change in operating state of the positive-locking
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shifting element A or F existing at the point in time T1 results
in a request to open the positive-locking shifting element A or
F.

The request for opening the positive-locking shifting ele-
ment A or F existing at the point in time T1 leads to the fact
that the actuating current i23 and 124 of electro-hydraulic
actuator 23 or 24 is abruptly reduced to zero, which lead to the
fact that the valve device 19 or 20 passes into a shifting
position corresponding to it, at which the piston chamber 12
or 14 of the positioning device 2A or 3 A is supplied with high
pressure or system pressure p_sys. As a result, the piston
element 10 or 11 is initially moved from a first end position
into an intermediate position between its first end position
and its second end position presented after the point in time
T1, at which the throttle device 16 or 17 is open. Then, the
volume ot hydraulic fluid flows through the throttle device 16
or 17 from the piston chamber 12 in the direction of the piston
chamber 13 or from the piston chamber 14 in the direction of
the piston chamber 15, which leads to a pressure increase
downstream of the valve device 19 or 20 and upstream of the
additional throttle device 21. This pressure increase is deter-
mined from a point in time T2, which chronologically follows
the point in time T1. The pressure increase corresponds to the
jump in the curve of the pressure p_sens at the point in time
T2. Therefore, the events taking place at the points in time T1
and T2 are spaced from one another, since the abrupt drop in
the actuating current 123 or 24, based on hydraulic delays in
the area of the hydraulic actuating system 1A, after some
time, has the consequence of a change in the pressure p_sens
calculated in the area of the pressure measuring device 22.

At apointintime T3, based on the applied system pressure
p_sys, the piston element 10 or 11 essentially reaches its
second end position, which is shown above the curves 123 and
124 and p_sens after the point in time T3. Upon reaching the
second end position of the piston element 10 or 11, the throttle
device 16 or 17 is once again blocked by the piston element 10
or 11. At that point, there is no exchange of hydraulic fluid
between the piston chambers 12 and 13, or 14 and 15, as the
case may be, until the system pressure p_sys is in turn applied
in the area of the piston chamber 13 or 15, and the throttle
device 16 or 17 is once again released by the piston element
10 or 11.

At the point in time T3, the pressure p_sens initially
abruptly drops to an intermediate value, and essentially
remains at this level upon a point in time T4. This results from
the fact that the pressure upstream of the additional throttle
device 21 is relieved only with increasing time t and, at the
point in time T4, in turn abruptly returns to the level at the
point in time T1.

In order to check whether the change in operating state
requested at the point in time T1 in the area of the positive-
locking shifting element A or F has actually started, and, at the
point in time T3, has also reached the requested extent of the
requested operating state, the pressure p_sens calculated in
the area of the pressure measuring device 22 is permanently
monitored upon the presence of a request for a change in
operating state.

A curve of a pressure signal adjusted during a change in
operating state of the positive-locking shifting element A or F
depending on the applied operating pressure p_sys in the area
of the pressure measuring device 22, or the sensor pressure
p_sens, is shown in FIG. 5, in addition to the additional curves
of the various operating dimensions of the transmission
device 1, through the time t. At the point in time T1, at which
the request for a change in operating state in the area of the
positive-locking shifting element A or F is in turn issued, the
curve of the actuating current 123 and 124 of the electro-
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hydraulic actuator 23 or 24 abruptly drops to the extent
described in FIG. 4, from an upper value to a lower value. As
a result, at the point in time T2, the sensor pressure p_sens
increases with large gradients. At a point in time T5, the
sensor pressure p_sens corresponding to the operating pres-
sure p_sys exceeds a threshold value pS1 of the sensor pres-
sure p_sens.

Upon exceeding the threshold value pS1 of the sensor
pressure p_sens in the area of the positive-locking shifting
element A or F, the start of the requested change in operating
state is detected, which results in a position movement of the
piston element 10 or 11, whereas the position movement X10
or X11 of the piston element 10 or 11 is likewise shown in
FIG. 5 through the time t. Thereby, the curve of the position
movement X10 or X11 of the piston element 10 or 11 only
represents an exemplary curve, with which the piston element
10 or 11 remains between the points in time T6 and T7 in a
defined axial position, despite the applied operating pressure
p_sys. This may be caused, for example, based on an operat-
ing pressure p_sys that is too small or friction forces that are
too high between the piston element 10 or 11 and a cylindrical
housing of the positioning device 2A or 3A.

At the point in time T7, the piston element 10 or 11 is
shifted to an extent corresponding to the curve of the position
path X10 or X11, increasingly in the direction of the second
position, which the piston element 10 or 11 reaches in the
described extent at the point in time T3. The sensor pressure
p_sens in turn drops, based on the throttle device 16 or 17 that
is then blocked, with large gradients. Ata pointin time T8, the
sensor pressure p_sens is less than an additional threshold
value pS2 of the sensor pressure p_sens, whereas the reaching
of the requested operating state in the area of the positive-
locking shifting element A or F is then established.

Since the pressure measuring device 22 is designed as a
cost-effective absolute pressure sensor, the sensor pressure
p_sens calculated in the area of the pressure measuring device
22 is the sum of the ambient pressure or pressure existing in
the low-pressure area 18 and the relative amount of pressure
applied from the operating pressure p_sys in the area of the
positioning device 2A or 3A. For this reason, each of the
threshold values pS1 and pS2 is determined based on the
currently existing pressure in the low-pressure area 18 or the
ambient pressure of the transmission device 1 and a pressure
offset value, which is essentially constantly indicated for each
comparable operating state of the transmission device, that is,
for the same transmission temperatures and the same system
pressures p_sys.

This approach leads to the fact that the determination of
whether a request for a change in operating state has already
started in the area of the positive-locking shifting element A
or F, and whether the positive-locking shifting element A or F
has reached the requested change in operating state takes
place at comparable transmission temperatures and compa-
rable operating pressures p_sys through varying pressure val-
ues in the low-pressure area 18 or at varying ambient pres-
sures of the transmission device 1 at the different points in
time T5 and T8. This means that, during a trip of a vehicle at
sea level through the approach last described, the start of the
change in operating state in the area of the positive-locking
shifting element A or F is established at a point in time later
than is the case with a trip of the vehicle in the high moun-
tains, for example, at 3000 m of altitude. At the same time,
weather-related fluctuations in atmospheric pressure also
cause variations in the determination of the start of a change
in operating state and in the determination of whether the
requested operating state has been reached, which is undesir-
able however.
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Variations in the ambient pressure of the transmission
device 3 can deliver incorrect monitoring results, in particular
in connection with component tolerances. In addition, based
on the more accurate monitoring of the ambient pressure of
the transmission device 3, the threshold values pS1 and pS2
are more accurately adjustable to the current operating state
of the transmission device 1, and the transmission device 1 is
operable with a higher degree of spontaneity, since lower
security intervals are necessary when the respective start of a
change in operating state and reaching the requested change
in operating state are detected.

For this reason, the pressure in the low-pressure arca 18 is
calculated in the non-actuating operating state of the positive-
locking shifting element A or F continuously or after pre-
defined time intervals, and taken into account for the deter-
mination of threshold values pS1 and pS2. Thus, influences
resulting from variations caused by elevation or weather in
the pressure in the low-pressure area 18, or in the ambient
pressure of the transmission device 1, are avoided in a simple
manner.

In order not to distort the determination, essentially pre-
senting a calibration of the control unit assigned to the
hydraulic actuating system, of the pressure in the low-pres-
sure area 18 through the actuation of the shifting element A or
F, the determination of the pressure in the low-pressure area
18 or the ambient pressure of the transmission device 1 is
interrupted upon the presence of a request for a change in
operating state in the area of the positive-locking shifting
element A or F. This is graphically presented by a jump of a
status line W from the value 1 to a value of 0 at the point in
time T1. As long the status line W is at the value 0, for the
determination of threshold values pS1 and pS2, the pressure
in the low-pressure area 18 last determined prior to the point
in time T1, or the last determined value of the ambient pres-
sure of the transmission device 1, is used. Upon the presence
of'arequest for a change in operating state, the pressure of the
low-pressure area 18 measured and filtered in the area of the
pressure measuring device 22 is held or frozen in the area of
the positive-locking shifting element A or F upon the start of
an electrical control of the positive-locking shifting element
A or F corresponding with it, and used for the approach
described above.

The determination of the pressure in the low-pressure area
18 by the pressure measuring device 22 restarts only if the
movement of the positive-locking shifting element A or F or
the change in operating state of the positive-locking shifting
element A or F is complete and is found in a secure end
position.

In order to carry out the determination of the pressure in the
area of the pressure measuring device 22 to a desired extent,
the status line W is led back to the value 1 only at a point in
time T9, and the determination of pressure in the low-pressure
area 18 by the pressure measuring device 22 is resumed only
at a point in time T9, at which the hydraulic actuating system
1A is in an operating state or a resting state necessary for this.
For this purpose, after the point in time T3, there is a wait for
a defined delay period, which extends until the point in time
T9, in order to ensure that the actual pressure value in the
low-pressure area 18 is determined by the pressure measuring
device 22.

Since, in the present case, the calculation of the pressure in
the low-pressure area 18 upon an electric actuation of the
positive-locking shifting element A or F is omitted, the option
exists of, in a simple manner, monitoring an influence impair-
ing the determination of the pressure in the low-pressure area
18, for example an actuation of an additional shifting element
of the transmission device 1 that is to be filled or emptied, or
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a changing system pressure p_sys, through electrical control
signals corresponding to it, and, if necessary, interrupting a
calculation of the pressure in the low-pressure area 18.

Since long downtimes of a vehicle, during which the sup-
ply of hydraulic pressure of the transmission device 1 is
interrupted, cause accumulations of air in the area of the
hydraulic actuating system 1A, upon a change in operating
state in the area of the positive-locking shifting element A or
F, the sensor pressure p_sens does not reach the usual value as
long as the accumulations of air are not pumped out of the
hydraulic actuating system 1A. For this reason, the pressure
offset values taken into consideration for the determination of
the threshold values pS1 and pS2 are factorized in the manner
described in more detail below at FIG. 6, in order to be able to
determine the start of a requested change in operating state
and the reaching of the requested change in operating state
also upon the presence of accumulations of air. The factor-
ization is carried out depending on a defined number of suc-
cessive actuations of the positive-locking shifting element A
or F in the current driving cycle.

FIG. 6 shows a real curve of the sensor pressure p_sens
through the time t after a restart of a vehicle designed with the
transmission device 1 after an accompanying renewed
hydraulic supply of the hydraulic actuating system 1A, which
is adjusted during several consecutive actuations of the posi-
tive-locking shifting element A or F. Thereby, the curve of the
sensor pressure p_sens in FIG. 6 corresponds to the unfiltered
raw signal of the sensor pressure p_sens calculated by the
pressure measuring device 22. In addition, a curve of the
threshold values pS1 and pS2 equally specified depending on
the present application through the time t is represented,
whereas, upon the first actuation at a point in time T=45 s, the
threshold values pS1 and pS2 are multiplied by a factor ofless
than 1, and are thus factorized.

Therefore, the factorization of the threshold values pS1 and
pS2 is provided, since accumulations of air trapped in the
hydraulic actuating system 1A lead to the fact that, upon the
actuation of the positive-locking shifting element A or F, the
sensor pressure p_sens does not reach the usual value until the
air is pumped out from the hydraulic actuating system 1A.
Since, in a known manner, several successive actuations of
the positive-locking shifting element A or F or also of the
additional shifting elements B, C, D, E increasingly pump
such accumulations of air from the hydraulic actuating sys-
tem 1A, with every actuation of the shifting element A or F or
also the additional shifting elements B to E, the threshold
values pS1 and pS2 are multiplied by a higher factor, whereas,
in the present case, the threshold values pS1 and pS2 are
multiplied by a factor equal to one after the sixth actuation of
the shifting element A or F, and taken into consideration for
the determination of whether the change in operating state of
the shifting element A or F has taken place and been com-
pleted.

Thereby, the number of changes in operating state of the
positive-locking shifting element A or F or the additional
shifting elements B to E originating from the start value of the
factor less than one varies until reaching the value of the
factor equal to 1, if the hydraulic actuating system 1A is
essentially free of accumulations of air already after a small
number of multiple sequential actuations of a shifting ele-
ment, or only after a larger number of actuations of one of the
shifting elements.

Modifications and variations can be made to the embodi-
ments illustrated or described herein without departing from
the scope and spirit of the invention as set forth in the
appended claims.
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The invention claimed is:
1. Method for operating a transmission device, in particular
a 9-speed transmission, which is transferable into different
operating states through the actuation of shifting elements,
whereas at least one of the shifting elements is designed as a
positive-locking shifting element, which is supplied with
operating pressure for presenting a defined operating state of
the transmission device and is thereby transferred from a
closed into an open operating state, or from an open into a
closed operating state, the method comprising:
determining, through a sensor device upstream of a throttle
device, which is connected to a transmission area essen-
tially featuring ambient pressure, a value of a pressure
signal corresponding to the operating pressure; and

determining, upon exceeding a threshold value of the pres-
sure signal, currently in the area of the positive-locking
shifting element, a change in operating state; and

establishing, upon falling short of an additional threshold
value of the pressure signal, the reaching of the
requested operating state,
characterized in that, in a non-actuated operating state of
the positive-locking shifting element the pressure in the
transmission area is established by the sensor device
and, upon the presence of a request for a change in
operating state in the area of the positive-locking shift-
ing element, the threshold value and the additional
threshold value are determined from the sum of the
pressure calculated in the transmission area prior to the
presence of the request for the change in operating state
and a pressure offset value.
2. A method for operating an automatic transmission hav-
ing a plurality of shifting elements with at least one positive-
locking shifting element, comprising:
initiating a shift of a positive-locking shifting element of
the at least one positive-locking shifting element;

supplying a positioning device of the positive-locking
shifting element with a fluid at an operating pressure
during said step of shifting;
measuring a pressure of the fluid downstream of the posi-
tioning device of the positive-locking shifting element
with a pressure sensor positioned upstream of a throt-
tling device that is connected to a transmission area at
essentially ambient pressure;
determining that the positive-locking shifting element of
the at least one positive-locking shifting element is shift-
ing if pressure of the fluid downstream of the positioning
device of the positive-locking shifting element from said
step of measuring exceeds a first threshold value; and

establishing that the shift of the positive-locking shifting
element of the at least one positive-locking shifting ele-
ment is complete if the pressure of the fluid downstream
of the positioning device of the positive-locking shifting
element from said step of measuring drops below a
second threshold value after said step of determining,

wherein the first and second threshold values each corre-
spond to a sum of the pressure of the fluid downstream of
the positioning device of the positive-locking shifting
element prior said step of initiating and a respective
pressure offset value.

3. The method of claim 2, wherein the second threshold
value is greater than the pressure offset value of the first
threshold value.

4. The method of claim 2, wherein the pressure offset value
of'the first threshold value is different than the pressure offset
value of the second threshold value.

5. The method of claim 2, wherein the pressure offset value
of'the first threshold value is equal to the pressure offset value
of the second threshold value.
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6. The method of claim 2, further comprising recalculating
the first and second threshold values after a predetermined
period of time from said step of establishing has elapsed.

7. The method of claim 6, wherein the positive-locking
shifting element of the at least one positive-locking shifting
element is open at said step of recalculating.

8. The method of claim 2, wherein the pressure offset value
of'the first threshold value and the pressure offset value of the
second threshold value vary with respect to a temperature of
the automatic transmission.

9. The method of claim 2, further comprising:

deactivating the automatic transmission;
restarting the automatic transmission; and
repeating said steps of initiating, supplying, measuring,
determining and establishing after said step of restart-
g,

the pressure offset values of the first and second threshold
values multiplied by a factor ofless than one for said step
of repeating.

10. The method of claim 9, wherein the factor originates at
a start valve of less than one and gradually increases by one
value with each shift of the positive-locking shifting element
of the at least one positive-locking shifting element.

11. The method of claim 10, wherein the factor is increased
up to a value of one.
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